and 60-fold resistant to amphotericin B were developed. The degree of resistance depended on the strain, the type of medium, and, most importantly, on the antibiotic used. The polyenes candidin, amphotericin B, nystatin, and fungimycin and the nonpolyenes griseofulvin and eulicin were used to extend the scope of study of cross-resistance. Cells rendered resistant to candidin were also resistant to amphotericin B, but not to nystatin, fungimycin, or griseofulvin. Cells rendered resistant to amphotericin B showed cross-resistance to candidin, but not to nystatin, fungimycin, or griseofulvin. Candidinor amphotericin B-resistant strains were more sensitive to eulicin than their parent strains. Increased resistance to candidin or amphotericin B was accompanied by a decrease in virulence for mice, the rate of growth, the ability to reduce bismuth sulfite, and by an increased tendency for filamentation. No change in the ability to form chlamydospores was noticed.
In a previous paper (Hebeka and Solotorovsky, 1962) , we reported on a successful attempt to develop strains of Candida albicans resistant to the heptaene candidin. The organism was grown on a shaker in gradually increasing amounts of the antibiotic. The development of resistance was favored by transfer only after the maximal stationary phase was reached. The present study has extended the knowledge of development of resistance to the polyenes amphotericin B, nystatin, and candidin by use of different strains of C. albicans in liquid and on solid medium. Changes in virulence, the rates of growth, and other characteristics correlated with the development of resistance were also studied.
MATERIALS AND METHODS
C. albicans 204, 211, and 452 were used. All strains were obtained from the culture collection of the Department of Bacteriology, Rutgers, The I A preliminary report was given at the Annual Meeting of the American Society for Microbiology, Cleveland, Ohio, 5-9 May 1963. 2 Present address: Faculty of Pharmacy, Cairo University, Kasr El-Aini, Cairo, Egypt, U.A.R.
State University. All strains were maintained by transfers on Sabouraud Glucose Agar (Difco) slants, incubated at 37 C for 24 hr and held at 4 C for 2 months.
Media. Sabouraud Liquid Medium (Difco) was uised for studies in broth culture. When a solid mediuim was needed, Sabouraud Glucose Agar was used. Two different kinds of agar were used:
HEBEKA AND SOLOTOROVSKY dilutions were made with sterile distilled water. Eulicin sulfate was diluted with sterile distilled water. The antibiotic solutions were prepared in four different concentrations: 0.05, 0.50, 1.0, and 5.0 mg/ml. The solutions were heated at 80 C for 10 min and cooled. The stock solutions (the highest concentrations) of the polyenes were kept in a freezer and were not held longer than 20 days. The more dilute solutions were kept at 4 C for a maximum of 10 days (Vining, 1960) . The degree of heat treatment used was found adequate for control of contamination.
For development of resistance in liquid medium, the method previously described by Hebeka and Solotorovsky (1962) was used. Glucose-glycineyeast extract was replaced with Sabouraud broth. The highest concentration of the antibiotic that allowed visible growth after 72 hr of incubation was the point recorded to show the increase in resistance.
For development of resistance on solid medium, the gradient plate technique (Szybalski, 1952) Alterations in reactions characteristic of C. albicans strains. To determine changes in morphology, the organism was grown in Sabouraud Liquid Medium in stationary and shake cultures. It was also grown on Sabouraud Glucose Agar. The growth of the parent and resistant strains was compared macroscopically and microscopically.
To determine changes in chlamydospore formation, Chlamydospore Agar (Difco), as described by Nickerson anid Mankowski (1953) , was used. A slide culture technique described by MacDonald and Wegner (1962) was employed. The slide cultures were inoctulated heavily anid incubated at room temperature for 4 days.
C. albicans strains were grown on Bi GGY agar (Difco; described by Nickerson, 1953 Fig. 2A . On amphotericin B, both strains gave a "tapering" pattern of growth; on nystatin, the pattern was "abrupt" (Fig. 2B ). Both strains were transferred 20 times on plates containing nystatin or amphotericin B, and their behavior was almost identical (Fig. 3) (Nickerson, 1953 (Donovick et al., 1955; Littman, Pisano, and Lancaster, 1958; Stout and Pagano. 1956) al., 1958; Stout and l'agano, 1956; Axelrad, 1960 ) were unable to demonstrate the development of resistance of C. albicans to nYstatin.
Cross-resistance among lpolyene antibiotics is recognized. Sorenson, AIcNall, and Steinberg (1959) and Littman et al. (1958) Lones and Peacock (1959) , who found the same relation with strains of C. albicans resistant to amphotericin B. Strains that were two-to threefold resistant to nystatin in liquid medium did not show any re.sistance on agar and did not change in v-irulence for mice.
Other changes in properties were observed.
Strains resistant to amphotericin B1 or candidin were slower than their parent strains in forming the characteristic jet-black growth on Bi GGY medium. This medium contains bismuthyl polysulfite and has been found to be useful for the isolation and identification of species of Candida (Nickerson, 1953) . The bismuth complex acts as an electron acceptor. The mechanisIn of reduction of bismuth sulfite into sulfide may be similar to that of the reduction of selenite into metallic selenium, as described by Nickerson and Falcone (1963) . They found that the system for reduction of selenite requires a quinone, a thiol substance, a pyridine nucleotide, and an electron donor. The polyene-resistant strains described in this report have a lower rate of metabolism than their parent strains. This may lead to a slow flow of electrons, a slow rate of formation of reduced diphospho-or triphosphopyridine nucleotides, and a low level of -SH formation. These changes are expressed in a slow rate of growth, a tendency to grow in filamentous form, and a decreased ability to reduce bismuth sulfite. It was suggested (Nickerson, 1953) 
